While evaluating fungal diversity in freshwater, grasshopper feces, and soil collected at Dokdo Island in Korea, four fungal strains designated CNUFC-DDS14-1, CNUFC-GHD05-1, CNUFC-DDS47-1, and CNUFC-NDR5-2 were isolated. Based on combination studies using phylogenies and morphological characteristics, the isolates were confirmed as Ascodesmis sphaerospora, Chaetomella raphigera, Gibellulopsis nigrescens, and Myrmecridium schulzeri, respectively. This is the first records of these four species from Korea.
Introduction
Fungi represent an integral part of the biomass of any natural environment including soils. In soils, they act as agents governing soil carbon cycling, plant nutrition, and pathology. Many fungal species also adapt to invade, colonize, and ensure decomposition of keratinous debris of other organisms [1] and mineralization of herbivore feces [2] . The distribution of the fungal community is related to different physiological, ecological, and bio-geographical features, closely linked to the surrounding terrestrial habitat [3] [4] [5] . Dokdo Island is characterized by high soil salinity, drought, high winds, low amounts of organic matter, high concentrations of uric acid in the soil, and steep inclines [6] . The weather usually features snow in the winter, with the climate influenced by warm ocean currents. Organisms living there have adapted to the environmental conditions by changing their genetic composition and enzymatic systems, and thus constitute a resource with great biotechnological potential. However, fungi occurring on this island remain poorly studied. Thus it is important to investigate the fungal diversity of this isolated area to understand their natural ecology. Reports have described a variety of bacterial and fungal species on Dokdo Island belonging to the genera Absidia, Alternaria, Aspergillus, Cladosporium, Clonostachys, Fusarium, Diaporthe, Metahizium, Mortierella, Mucor, Paecilomyces, Paraphoma, Penicillium, Plectosphaerella, and Stemphylium [7] [8] [9] [10] [11] . However, comparatively few species of fungi have been described [8] [9] [10] .
Freshwater nourishes diverse habitats for fungi, such as fallen leaves, plant litter, decaying wood, aquatic plants and insects, and soils. Little information is available for fungi belonging to Basidiomycetes and Zygomycetes in comparison to freshwater Ascomycetes, which comprise approximately 622 species and 170 genera; more than 531 Hyphomycetes species (55 genera), and 183 species of Trichomycetes (3 orders) [12] . Various studies related to fungal diversity from diverse habitats have been carried out by Korean mycologists. In comparison to the terrestrial environment, knowledge is scant in Korea regarding fungi belonging to freshwater habitats, particularly Ascomycetes. Freshwater fungi, especially Ascomycetes, are important in freshwater ecosystems as they provide nutrients for other aquatic microorganisms by decomposing complex organic compounds and because of enzymatic activity including that of cellulase, xylanase, and ligninase that degrades wood [13] . Moreover, they are able to produce various compounds that act against pathogenic bacteria, fungi, and nematodes [12] .
Fungi in the fecal environment help to biodegrade organic materials and return the nutrients to the environment for reuse [14] . Very little information has been published concerning the diversity of fungi in insect feces in comparison to that in Table 1 . Taxa, collection numbers, sequences, and GenBank accession numbers used in this study. various animal dung substrates [15] . Melanoplus sanguinipes was isolated from grasshopper gut, but no detailed information was provided on the fungal communities [16] . Among the fungal isolates from fecal samples in Korea, five species (two new species and three new records) were reported from rat feces and two (new records) from grasshopper. Absidia stercoraria, Mucor stercorarius, Absidia glauca, Paecilomyces variotti, and Cephaliophora tropica were reported from rat feces [10, [17] [18] [19] [20] . Cunninghamella echinulata and Albifimbria terrestris were reported from grasshopper feces [19, 21] . Korean contributions to the occurrence of coprophilous fungi are still rare.
During an inventory of fungal species belonging to the classes Leotiomycetes, Pezizomycetes, and Sordariomycetes, four new records from freshwater, fecal, and soil samples were identified. The objective of the present study was to perform morphological and molecular analyses to characterize four undescribed species in Korea: Ascodesmis sphaerospora, Chaetomella raphigera, Gibellulopsis nigrescens, and Myrmecridium schulzeri.
Materials and methods

Isolation of fungal strains
Freshwater samples were collected from a branch stream of the Nakdong river located in Gyeongsangbuk-do, Korea. Grasshoppers were collected at the CNU Arboretum located in Chonnam National University, Gwangju, Korea. Soil samples were collected from Dokdo Island in July 2014. In this study, the isolation of fungi from freshwater, grasshoppers, and soil samples was performed as described previously [10, 19] . Pure isolates were maintained in potato dextrose agar (PDA) slant tubes and stored in 20% glycerol at À80 C at the Chonnam National University Fungal Collection (CNUFC), Gwangju, Korea. Strains CNUFC-DDS14-1, CNUFC-DDS47-1, and CNUFC-GHD05-1 were also deposited at the Culture Collection of the National Institute of Biological Resources (NIBR, Incheon, Korea), strain CNUFC-NDR5-2 was deposited at the Culture Collection of the Nakdonggang National Institute of Biological Resources (NNIBR, Sangju, Korea).
Morphological studies
To obtain samples for microscopic examination, CNUFC-DDS14-1, CNUFC-GHD05-1, CNUFC-DDS47-1, and CNUFC-NDR5-2 were cultured on PDA, corn meal agar (CMA: 20 g cornmeal, 20 g agar, 1 L distilled water), and malt extract agar (MEA: 20 g malt extract, 20 g agar, 1 L distilled water). Plates were incubated at 10, 20, 25, 30, and 35 C in the dark for 7 days. Samples were mounted in lactophenol solution (Junsei Chemical Co. Ltd., Tokyo, Japan) and observed using a BX51 microscope equipped with DIC optics (Olympus, Tokyo, Japan).
DNA extraction, PCR, and sequencing
Genomic DNA was extracted directly from the mycelia of fungal isolates using the Solg TM Genomic DNA prep kit (Solgent Co. Ltd., Daejeon, South Korea). The rDNA ITS1-5.8S-ITS2 region, small subunit (SSU) 18S, and large subunit (LSU) 28S ribosomal DNA were amplified with the primer pairs ITS1/ITS4 [22] , NS1/ NS4 [23] , and LROR/LR5F [24] . The PCR amplification mixture (total volume, 20 lL) contained 10 ng of fungal DNA template, 5 pmol/lL of each primer, and Accupower PCR Premix (Taq DNA polymerase, dNTPs, buffer, and a tracking dye; Bioneer Corp., Daejeon, Korea). Purification of the PCR products was carried out using the Accuprep PCR Purification Kit (Bioneer Corp.) according to the manufacturer's instructions. DNA sequencing was performed on an ABI 3700 Automated DNA sequencer (Applied Biosystems Inc., Foster City, CA).
Phylogenetic analysis
Fungal sequences obtained from the GenBank database (Table 1) were aligned using Clustal_X v.1.83 [25] and edited with Bioedit v.5.0.9.1 [26] . Phylogenetic analyses were performed using MEGA 6 software [27] , and maximum likelihood (ML) was constructed by Kimura's two-parameter correction method. The sequences of Acremonium alcalophilum, Caloscypha fulgens, Glomerella cingulata, Peziza succosa, Seiridium banksiae, and Smardaea amethystina were used as outgroups. The reliability of internal branches was assessed using the p-distance substitution model with 1000 bootstrap replications. 
Results
Phylogenetic analysis
The results constructed by ML analyses of the four isolates are shown in Figures 1-4 . A Basic Local Alignment Search Tool (BLAST) search of ITS sequences via the NCBI database indicated that the isolates CNUFC-GHD05-1, CNUFC-DDS47-1, and CNUFC-NDR5-2 most closely resembled Chaetomella raphigera (GenBank accession no. AY487076), Gibellulopsis nigrescens (GenBank accession no. KP230818), and Myrmecridium schulzeri (GenBank accession no. KM056332) with 99.1% (332/335 bp), 99.8% (492/493 bp), and 100% (445/ 445 bp) homology, respectively. The 28S rDNA region of CNUFC-DDS14-1, CNUFC-GHD05-1, CNUFC-DDS47-1, and CNUFC-NDR5-2 revealed A. sphaerospora (GenBank accession no. FJ176858), C. raphigera (GenBank accession no. AY487077), G. nigrescens (GenBank accession no. GU180648), and Figure 5) .
Description: The strain grew rapidly at 25 C on PDA, filling the petri dish after 4-5 days of incubation. The initial colony color was white and later turned to grayish white. Apothecia were superficial, sessile, and obconical. Asci were clavate, oblong, or ovoid, and measured 40-62 Â 18-24 lm. Each asci contained 4-8 ascospores. Ascospores were one-celled, subglobose to ellipsoid, hyaline when young, becoming brown at maturity, and covered with dark brown markings in the form of spines, ridges, or reticulations, and measured 10-12 Â 9-11 lm.
Taxonomy of CNUFC-GHD05-1
Chaetomella raphigera Swift, Mycologia 22:165 (1930) (Table 3; Figure 6 ). ¼Volutellospora raphigera (Swift) Thirum. & P.N. Mathur, Sydowia 18 (1-6): 38 (1965 Description: Colonies of the strain grew slowly on PDA, reaching 25-27 mm in diameter at 20 C after 10 days of incubation. The color of the colonies on PDA was whitish with cotton-like at the center. Conidiophores arise from vegetative hypha measuring 55-100 Â 1.5-2.5 lm. Chlamydospores were formed as single or in short chains, and measured 4-6 Â 2.5-5 lm. Conidia were smooth-walled and elongate-ellipsoidal, and measured 4.0-6.0 Â ¼Rhinotrichum multisporum Doguet, Revue Mycol., Paris: 78 (1952).
Description: Colonies of the strain grew slowly on MEA, reaching 29 mm diameter at 25 C after 15 days of incubation. The colony color was pale orange. The colony reverse was also pale orange. Conidiophores were straight, almost unbranched, sometimes branched, reddish brown, septate, 2.5-3.5 lm in width, and variable in length. Conidiogenous cells were cylindrical and forming a rachis with scattered pimple-shaped denticles. Conidia were ellipsoid, obovoid, fusiform and measured 2.5-3.5 Â 5.5-7.5 lm. On OA, the colonies grew more rapidly than on MEA and PDA, but abundant sporulation when grown on MEA.
Discussion
Here, we discussed morphological characteristics and the phylogeny of Ascodesmis sphaerospora, Chaetomella raphigera, Gibellulopsis nigrescens, and Unbranched, straight, reddish brown, thickwalled, septate, up to 250 lm tall, 2.5-3.5 lm wide, with 2-7 additional septa, basal cell often inflated, 3.5-5 lm wide Conidiogenous cells Cylindrical, forming a rachis with scattered pimple-shaped denticles Integrated, cylindrical, variable in length, forming a straight rachis with scattered, pimple-shaped denticles less than 1 lm long and approx. 0.5 lm wide, apically pointed, unpigmented, slightly thickened scars Conidia Ellipsoid, obovoid, fusiform, 2.5-3.5 Â 5.5-7.5 lm Solitary, subhyaline, ellipsoid, obovoid or fusiform, 3-4 Â (6-)9-10(-12) lm a From the description by Arzanlou et al. [50] .
Myrmecridium schulzeri and compared these aspects to the most closely related species.
The genus Ascodesmis belonging to the class Pezizomycetes, order Pezizales, family Ascodesmidaceae, was first described by Van Tiegham [28] with A. nigricans as the type species. This genus is of operculate discomycetes representing a primitive form of ascomycetes with no excipulum. According to Index Fungorum (www. indexfungorum.org), 13 species were assigned to this genus. There were no Ascodesmis species reported from Korea until this study. A. sphaerospora was first isolated from dung samples of Brazilian animals [29] . This species is distinguished by its globose or subglobose ascospores with a reticulate ornamentation. A. sphaerospora shows a considerable variation in ascospores number, size, and shape growing on dung (spores are spherical) or on artificial agar media (spores tend to be more elliptical). These species are characterized by having relatively long spines [29] . Comparing the morphology of the CNUFC-DDS14-1 isolate with previous descriptions by Obrist [29] , the present isolate was most similar to those of A. sphaerospora. In our molecular analyses, A. sphaerospora CNUFC-DDS14-1 formed a well-supported clade (Figure 1 ). There is relatively little literature examining the molecular characteristics of Ascodesmis species in comparison to morphological identifications [30, 31] . A. sphaerospora is reported to be isolated from the dung of jaguar, lion, ocelot, tiger, dog, elk, toad, rabbit, pig, and giraffe [29, [32] [33] [34] . This is the first isolation of A. sphaerospora from a soil sample. A. sphaerospora produces antifungal and antibacterial metabolite arugosin F [35] .
The genus Chaetomella belonging to the class Leotiomycetes, order Helotiales, family Chaetomellaceae, was established by Fuckel in 1869, including C. atra and C. oblonga, based on the production of pycnidum fruiting body [36] . The genus Chaetomella was designated considering its resemblance to genus Chaetomium, showing an external appearance of the fruiting bodies with characteristic appendages. Until now, 25 species of Chaetomella have been described according to Index Fungorum. Chaetomella spp. can be isolated from soil and plants [37] . C. raphigera is reported to cause leaf spot disease to Cuphea spp., Rosa chinensis, blueberry, and pomegranate [38] [39] [40] . Phylogenetic analysis based on ITS and LSU sequences showed that our strains CNUFC-GHD05-1 and CNUFC-GHD05-2 grouped together with C. raphigera (Figure 2 ). In addition, C. raphigera CNUFC-GHD05-1 fits well with the description provided by Rossman et al. [39] . C. raphigera was reported to produce pectinase, cellulase and xylanase activity, which could play a major virulence role for rot in pomegranates [41] . Yoneda et al. [42] reported that b-glucosidase secreted by C. raphigera. C. raphigera isolated from a medicinal plant Terminalia arjuna exhibit for potential production of natural anticancer drug taxol [43] . This finding suggests that the strain CNUFC-GHD05-1 may be a useful source for biotechnological applications and should be investigated further.
The genus Gibellulopsis belonging to the class Sordariomycetes, order Glomerellales, family Plectosphaerellaceae, was established by Batista and Maia [44] , and was further reinvigorated by Zare et al. [45] . It has hyaline, partly rather wide vegetative hyphae, verticillium-like conidiophores, and pigmented terminal or intercalary chlamydospores. These features distinguish it from the other related genera of the Plectosphaerellacae. Until now, three species (Gibellulopsis piscis, G. nigrescens, and G. chrysanthemi) have been described according to the Index Fungorum. The genus Gibellulopsis contains only one valid species, G. nigrescens [46] . In 2012, G. chrysanthemi was isolated from a garland of Chrysanthemum leaves [47] . G. nigrescens is a plant pathogen and can be isolated from soil and the lower parts of the stem of plants. The phylogeny formed by the separate ITS-rDNA and 28S-rDNA of CNUFC-DDS47-1 supports the taxonomic identification as G. nigrescens (Figure 3 ). This species was also isolated from a soil sample and was shown to be the cause of wilt of sugar beets in China [48, 49] . Compared with the morphological characters of G. nigrescens as described by Zare et al. [45] , the isolated strain CNUFC-DDS47-1 displays hyaline conidia that are smooth, ellipsoidal often in chains, and form abundant chlamydospores.
The genus Myrmecridium belonging to the class Sordariomycetes, order Amphisphaeriales, family Bartaliniaceae, was described by Arzanlou et al. [50] with the type species being M. schulzeri. To date, 13 species of Myrmecridium have been described according to the Index Fungorum. The species belonging to this genus are characterized by the production of obovoid or fusiform conidia, tapering towards a narrowly truncate base, hyaline mycelium with pale to unpigmented, pimple-like denticles. They are frequently isolated from freshwater, soil, and plant tissue [15, [51] [52] [53] . M. schulzeri SCSGAF0135 strain was reported to have antibacterial activity [54] . In the phylogenetic tree (Figure 4 ), CNUFC-NDR5-2 and CNUFC-NDR5-3 strains clustered with a strain putatively named M. schulzeri. Comparing the morphology of the CNUFC-NDR5-2 isolate with previous descriptions by Arzanlou et al. [50] , the present isolate was generally similar to those of M. schulzeri. However, some morphological features differed. The size of conidia described by Arzanlou et al. [50] was larger [3-4 Â (6-)9-10(-12) lm] than that (2.5-3.5 Â 5.5-7.5 lm) observed in our isolate. Our M. schulzeri isolate presented conidiophores that were sometimes branched, which was not described by Arzanlou et al. [50] . In a previous study, we found a new species, M. fluviae, from a freshwater sample in Korea [20] . Our results suggest that freshwater habitats are a good source of Myrmecridium species. This is the first report of Ascodesmis sphaerospora, Chaetomella raphigera, Gibellulopsis nigrescens, and Myrmecridium schulzeri in Korea. Future studies should investigate the ability of these species to produce extracellular enzymes as well as secondary metabolites.
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